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2.0 INTRODUCTION

The BA - 584 ( )/U Battery consisted of ten compression sealed cells, connected as two parallel stacks of five
cells each. After fabrication of the cells and batteries, there was slight visual evidence of electrol yte leakage during two
months ambient storage. These leakers could not be reliabl y removed. This resulted in inconsistent and reduced
capacity, as well as encountering difficulty in meeting the initial voltage delay time required , when subjected to initial
discharge. This was attributed to the loss of the sulfur dioxide electrolyte through the rubber septum seal area and
the soldered vent disc area.

It was mutually agreed by the Contractor and the Government that the problem could be eliminated by
the incorporation of design features recently developed for the Mallory Battery Company by the “P. R. Mallory

ratory for Physical Science” in Burlington , Mass. These features, developed under programs funded by Mallory
ed the glass to metal hermetic seal and the highly reliable “ convolution vent “.

It was further agreed that the L025S size cell could be used and that the battery configuration could be
iuced in size and weight with new specifications and identified as the BA - 5598 ( )/U Battery.

The BA - 5598 ( )/U Battery consists of fi ve L025S cells connected in series rat ed at 15.0 volfr ‘omina l open
circuit voltage. The LO 25S cell is rated at the same capacity as the L026E cell, but the 5 cell BA - 5598 ( )/U battery
will have fifty percent of the capacity of the 10 cell BA - 584 ( )/U Battery. The loss in capacity was sacrifi ced in
favor of a more compact and lighter battery to be used in the field .

.1-
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3.0 CELL DESIGN

In the new hermetic sealed cell (L025S), the positive electrode cell contact is made with a tantalum tube
and insulated from the top metal cover by a glass bead. The tantalum tube is internally connected to the cathode by
means of a welded tab. The top assembly is TIC welded to the outer can and sealed.

Venting is accomplished by virtue of a propietary design , whereby the venting mechanism is an integra l
feature of the cel l case .

The L025S cylindrical cell is rated at 10 AH , at ambient temperature and uses the Li/SO2 electr ochemica l
system , consisting of a lithium anode, a carbon cathode and an organic electrolyte composed of liquefied SO2, a
li thium salt and an organic solvent. The SO2 is the depolanzer . Initially the cell has an internal pressure of approxim-
ately 3.5 atmosp heres at 25°C. The cell is constructed by winding rectangular widths of anode separarators, cathode
separator layers of appropriate widths into a cylindrical composite roll. The lithium anode is connected internall y
to the nickei p late d steel container.

The LO-25S cell consists of the following components with approximate dimensions and weights:

A) Anode , Lithium Foil Approximate WGTS.

1.35” X .012” X 28.5” 4.0 grams

B) Cathode , 95% Carbon
1.35” X .033” X 26” 5.75 grams

Conductor Aluminum Exmet 2.75 grams
5 Al , 10 3/0 26” X 1.35” 8.5 grams TOTAL

C) Separator (Polypropolene )
.001” X 1.625” X 62” .8 grams

D) Electrol yte 35.5 grams
70% concentration of sulfu r
dio x ide
23% Acetonitrile
6’~ Lithium Bromide

E) Can & Top 41.5 grams
Nickel plated CRS can
Glass to Mota l Top

-2.
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4.0 BATTERY PERF0RMAN (~E

-1.1 Design Test Phase

The first . group of sixteen BA . 5598 ( ) /U Batteries were subjected to the thirt y day storag e requirement
of 160°F. , then given a mechanica l shock and vibration test. Four (4) ran doml y selected batter ies were
subjected to an additional .vaterproofing of jacke t test , prior to the discharge test.

The batteries were tested for open circuit voltage and examine d visually. There was no evidenc e of
any signif icant  change in open circuit voltage from the original readings. The jacket visual examination did
not show any evidence of bulging or stains.

The ba tt eries were divided in to fo ur grou ps of four batt eries each and pre .conditioned for a minimum of
eight hou rs prior to t he actua l discharge.

The discharge test specified that four batteries each would be tested for capacity at 75°F , 125°F,. 20°F
and . 40°F.

The A2 unit would be discharged through a load resistance of 14.2 ohms for two minutes , the n
through a load resista n ce of 291.0 ohms for eighteen minutes and cycled continuousl y to an end voltage
of 10.0 volts. The actual performance of each battery is shown in table 1.

4.2 Summary of Design Test Phase

The batteries did not perform as expected at the - 200F temperature , gi vi ng only 50% to 85~ of t he
req uired capacity of thirty (30) hours .

Ex ami nat ion of th e batt er ies localized the reason for capaci ty failu res to the glass bead used. The under-
side of the gla ss bead was observed to have a conductive coating which was measured between 100 ohms
and 1000 ohms resistance .

A high percentage of this coating was anal yzed as i ron .

This initial production run was caused by utilizi ng a welder with insufficient capacity to join the bead
washer to the top, resulting in cracked glass.

To expedite the use of existing parts, the glass was remelted in a high (1000°C.) temperatur e oven. The
reflowing of the glass apparently had resulted in some unknown phenomena to be introduced that was
subseq uent ly attacked by the SO2 wi thin the cell.

Corre ctive action was taken on the subsequent lots of tops whereby reworked glass would not be used.

.3.
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4.3 BATTERY DESIGN TEST PHASE . BA . 5598 ( )/U

TABLE I
Discharge Capacit y Test Results
Stored 30 Days at 160 0F . Before Discharge

INITIAL HOURS
TEST VOLT DELAY TO END

BATTERY TEST TEMP. 700F. TIM E TO VOLTAGE HOURS
NO. TEMP. O.C. V. O,C. V. REACH 1O.O . - (10 .0) REQUIRED

1 75°F. 14.847 14.846 0.0 ms 64.0 45

4 750F. 14.635 14.729 0.0 ms 59.5 45

9 750F. 14.672 14.680 2.1 sec 60.0 45

18* 750F. 14.506 14.517 5.0 ms 60 .5 45

2 * 1250F. 5.72 14.375 Fail None 45

5 125°F. 14.761 14.825 0.0 ms 49 .5 45

8 125°F. 14.633 14.764 0.0 ma 51.5 45

14 125°F. 14.837 14.872 0.0 ms 61.0 45

3 - 200F. 14.892 15.002 1.7 sec 20.5 30

- 200F. 14.773 14.692 14.0 mm 17.0 30

12* - 20°F. 14.339 14 .551 8.0 mm 25.0 30

15 - 200F. 14.682 14.510 12.0 mm 15.5 30

7 * .40 °F. 14.538 14.616 4.0 mm 17.8 15

10 - 40°F. 14.855 14.764 16.0 mm 18.0 15

11 . 40°F. 14.919 15.000 2.0 mm 18.0 15

13 - 400F. 14.740 14.435 18.0 mm 14 .5 15

NOTE: (*) DENOTES BATTERIES SUBJECTED TO WOJ TEST.

.4 -
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5.0 BATTERY PERFORMANCE

5.1 Fabrication Phase Number 1

A lot of one hundre d fifty seven (157) BA - 5598 ( ) / U Batteries was then fabricated using hermetic
seal tops mad e with virgin glass material. Thirty Two (32) randomly selected batteries were used as
samples to be tested as specified. The batteries were divided into two groups of sixteen each. Group
I was subjected to environmental tests , then discharged. Group II was subjected to a Ten day storage
period in an environment  of 1600F., then to the shock and vibration tests before being subjected to the
discharge test.

The discharge test specified was the same as stated for the Design Test Phase Batteries. The actual per-
fo rmance of each battery ~. shown in Table II for Group I batteries and Table HI for Group II batteries.

5.2 Summary of Fabrication Phase Number 1

There was significant improvement in the battery performance at the -20°F. temperature , al t hou g h two
batteries of Group I failed to meet the minimum requirement of 30 hours , completing 28.6 hours and 29.6
hours respect ively .

One battery in Group II failed to meet the minimum requirement of 27.0 hours completing 24.6 hours .

There was no significant difference in battery performance at 75°F. and 125°F. of batteries stored 10
days at 160°F. versus batteries having no storage at 160°F., where all batteries discharged in both groups
exceeded the 45 hour minimum.

The difference of hours at the -20°F. discharge temperature may be related to the inconsistent storage
period of cathode assemblies prmor to sealing of cells. This phenomen a has not been verified.

However , the introduction of a low temperature electrolyte filling and sealing technique , during the
cell process, may have contributed to encouraging atomsp h r i c  moisture to the cell , which was shown to
affect capacity performance. The operation is under complete investiga tion to develop more uniform and
consistent manufacturing techni q ues. A more reliable temporary .ealing techni que was introduced sub-
sequen tl y to eliminate the tendency of having a nebulous seal. In addition , the time delay was shortened
to complete the tube seal by welding.

-5-
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5.3 BATTERY FABRICATION PHASE NUMBER 1 BA - 5598 ( )f U

TABLE II
GRO UP I
Discharge Capacity Test Res~~i .
No Previous Storage at 160°F. Before Discharge

INITIAL
TEST VOLTAGE HOURS

BATTERY TEST TEMP. 75°F. DELAY TIME TO HOURS
NO. TEMP. 0. C. V. 0. C. V. TO 10.OV. 10.OV. REQUIRED

0006 75°F. 14.806 14.826 Inst . 73.0 50

0014 75°F. 14.798 14.819 “ 74.0 50

0022 750F. 14.80 1 14.819 “ 70.6 50

0030 75°F. 14.798 14.820 “ 70.3 50

0002 125°F. 14.792 14.783 “ 70.3 45

0010 125°F. 14.799 14.813 “ 66.0 45

0018 125°F. 14.792 14.800 “ 68.6 45

0026 1250F. 14.803 14.831 “ 69.6 45

0008 - 20°F. 14.804 15.063 “ 28.6 30

0016 - 20°F. 14.763 14.993 “ 32.3 30

0024 - 20°F. 14.803 15.070 2.5 sec 34.0 30

0032 . 20°F. 14.796 15.058 1.2 sec 29.6 30

0004 - 400F. 14.792 15.096 12.0 sec 21.6 15

0012 - 40°F. 14.796 15.083 30.0 sec 19.6 15

0020 - 40°F. 14.804 15.123 15.0 sec 22.3 15

0028 .40°F. 14.799 15.129 6.0 sec 24.0 15

_ _  

.

~~

.
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5.4 BATTERY FABRICATION PHASE NUMBER 1 BA - 5598 ( )/U

TABLE HI
GROUP II
Discharge Capacity Test Results
Stored 10 Days at 160°F. Before Discharge

INITIAL
TEST VOLTAGE HOURS

BATTERY TEST TEMP. 70°F. DELAY TIME TO 10.0 HOURS
NO. TEMP. O.C~ V. 0. C. V. 10.OV VOLTS REQUIRED

0005 75°F. 14.955 14.752 500 ms 72.6 45

0013 75°F. 14.936 14.888 500 ma 71.3 45

0021 75°F. 14.960 14.882 Inst. 71.3 45

0029 750F. 14.992 14.910 “ 69.6 45

0001 1250F. 14.951 14.705 “ 69.0 40.5

0008 125°F. 14.929 14.861 “ 66.0 40.5

0017 1250F. 14.952 14.878 “ 67.6 40.5

0025 125°F. 14.972 14.793 “ 68.3 40.5

0007 - 20°F. 14.927 14.774 500 ms+ 29.6 27

0015 .20°F. 14.982 15.103 50 sec 24.6 27

0023 - 20°F. 14.998 15.189 500 ms+ 34.0 27

0031 . 200F. 14.971 15.178 500 ms+ 30.3 27

0003 . 40°F. 14.964 14.836 500 ms~ 27.3 13.5

0011 - 400F. 14.879 15.066 500 ms~ 21.0 13.5

0019 - 40°F. 14.918 15.134 500 ms~ 28.0 13.5

0027 .40°F . 14.956 15.174 500 ms+ 25.6 13.5

~~~~~ ~~~~~ . - — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4

6.0 BATTERY PERFORMANCE - BA - 5598 ( )/U

6.1 Fabrication Phase Number 2

A second lot of one hundred fi ft y seven (157) batteri es was fabricated of which thirty two (32)
samples were randomly selected from the lot for tests as specified. The thirty two (32) samples were
divided into two groups of sixteen (16) batteries each. Group l required no additional storage , but was
subjected to the mechanical shock and vibration tests prior to discharge as specified. Group II required
thrity (30) days storage at 160°F. prior to the same mechanical shock and vibration tests, followed by
the discharge tests as specified.

Both groups of batteries were pre-conditioned at there respective discharge temperatures for a
minimu n ~ of eight hours , then the A2 section was subjected to the pulse loads of 14.2 ohms for 2
minutes and 290 ohms for 18 minutes , cycled continuously to the 10.OV test end voltage.

6.2 Summary of Test Results

The capacity data of Group I are listed in Table IV. Group II capacity data is listed in Table V.

The Group I batteries, without previous 1600F. storage met the required hours of capacit y at thi
four temperatures specified.

The secondary requirement of “Initial Voltage Delay ” which is the time required at the be~inning of
discharge for the battery to reach 10.OV and not exceed 0.5 seconds , was achieved at the 75’~F., 125°F.,
and - 20°F. temperatures.

At - 40°F ., the initial voltage delay time ranged from nine (9) seconds to one hundred and eleven
( 111) seconds before reaching 10.0 volts.

The Group H batteries which were stored for 30 days at 160°F. were required to be capable of having
9(Th of the initial capacity without storage.

— [)ue to the limitation of the discharging of four batteries each at the specified temperatures , it could
not be statisti cally verified that there was any change in total capacity hours, f rom the initial discharge
versus the storage discharge groups .

It is safe to as.sumc that after 30 days of 160°F. storage that the batteries would not show any
appr . able loss in capacity due to the high reliability of the hermetic seal design.

-8-
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6.2 Summary of Test Results continued....

The Group II , high temperature storage batteries which were tested at - 200F. and - 400F. temperatures ,
exceeded the 0.5 seconds required as the initial voltage delay time was recorded between 2.15 seconds and
5.15 seconds before reaching 10.0 volts. At the - 20°F. temperature , the initial voltage delay time was
record ed between 2.15 seconds and 5. 15 seconds befo re reaching 10.0 volts. At the - 40°F. temperature , the
initia l voltage delay time was recorded between 1.56 seconds and 15.6 seconds.

The initial voltage delay time at the low temperatures of - 200F. and specifically at - 40°F. is increased
due to the electrical conductance of the electrolyte , which decreases gradually as a function of operating
temperature . This is shown in the following table for electrolyte:

Temperature Conductance
(C) ( ohms - l cm -1)

70C. 7.45X10 - 2
- 50C. 6.80X 10-2

20C. 6 .02X10 -2
- OC. 5.05X10 . 2

-30C. 3.67X10 - 2

——--p
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6.3 BATTERY FABRICATION PHASE NUMBER 2 BA - 5598 ( )/U

TABLE IV
GROUP I
Discharg e Capacity Test Results
No Previous Storag e at 160° F.

INITIAL
TEST VOLTAGE

BATTERY TEST TEMP. 75°F. DELAY TIME HOURS HOURS
NO . TEMP. 0. C. V. 0. C. V. TO 10.OV TO 10. OV REQUIRED

0040 75°F. 14.926 14.918 Inst . 71.3 50

0072 75°F. 14.923 14.716 “ 71.3 50

0068 75°F. 14.921 14.910 “ 71.6 50
- - 0085 75°F. 14.964 14.960 “ 71.3 50

0128 125°F. 14.945 14.823 “ 67.0 50

0090 125°F. 14.960 14.847 “ 66.0 50

0046 125°F. 14.917 14.801 “ 67.6 50

0034 125°F. 14.929 14.830 “ 68.3 50

0075 . 20°F. 14.944 15.208 70 ms 46.0 35

0124 -20°F. 14.922 15.134 250 ms 38.6 35

0108 - 200F. 14.90 7 15.205 100 ms 37.6 35

0091 -20°F. 14.941 15.203 6O ms 40.6 35

0140 - 40°F. 14.937 15.230 111 sec 29.3 15

0054 - 40°F. 14.935 15.132 23 sec 36.0 15

0114 .40°F. 14.905 15.189 9 sec 32.6 15

0063 -40°F. 14.921 15.188 l4sec 34.3 15
— —

NOTE : BATTERY NO .01 10 REQUIRED EXCESSIVE TIME (111 SECONDS) TO REACH 10.0 VOLT AT - 40°F.

AND RAN 29.3 HOURS TO 10.0 VOLTS. THERE WAS NO ASSIGNEABLE CAUSE FOR THE READINGS OBTAINED.

-10-



6.4 BATTERY FABRICATION PHASE NUMBER 2 BA - 5598 ( )/U
TABLE V
GROUP II
Discharge Capacity Test Results
Thirt y Day Storage at 1600 F. Before Discharge

INITIAL
TEST VOLTAGE

BATTERY TEST TEMP. 750F. DELAY TIME HOURS HOURS
NO. TEMP. 0. C. V. 0. C. V. TO 10.OV TO 10.OV REQUIRED

0039 75°F. 14.951 14.945 Inst. 72.0 45

0121 75°F. 14.949 14.946 “ 73.0 45

0066 75°F. 14.952 14.948 “ 71.3 45

0058 75°F. 14.970 14.966 “ 72.3 45

0120 125°F. 14.979 14 .94 7 “ 65.6 45

0079 125°F. 14.942 14.930 “ 67.0 45

0047 125°F. 14.924 14.930 “ 67.6 45

0059 125°F. 14.980 14.954 “ 67.6 45

0086 . 20°F. 14.947 15.080 4.75 sec 46.6 30

0111 - 20°F. 14.973 15.193 4.65 sec 39.3 30

0126 -20°F. 14.971 15.185 5.l5sec 40.3 30

0074 - 20°F. 14.948 15.1 30 2.15 sec 48.0 30

0071 - 40°F. 14.960 14.717 4.8 sec 34.0 13.5

0117 - 400F. 14.979 15.200 9.15 sec 33.6 13$

0080 - 40°F. 14.940 15.115 15.6 sec 36.3 13.5

0051 .40°F. 14.982 15.204 1.56 sec 34.3 13.5

.11.
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6.5 BATTERY CAPACITY DISCHARGE CHARACTERISTICS

The discharge curves for each of the thirty two batteries of Fabrication Phase No , 2 are shown in the
Append ix , Figure 1 through 32.

Although the battery capacity was determined when the load voltage had fallen below 10.OV., this was
attributed to the two minute heavy drai n of approximately 1.0 amps.

The two minute heavy drai n load cycle consumed in excess of 60% of the total watt hours at 75°F.

TABLE VI
GROUP I BATTERIES
ACCUMULATED POWER

BATTERY TEST HOURS WATT HRS . WATT MRS. TOTAL
NO. TEMP. TO 10.OV AT 14.2 ohm AT 290 ohm WATT HOURS

0046 125°F. 67.6 79.25 42.03 121.28

0040 750F. 71.3 82.94 44.79 127.73

0075 - 200F. 46.0 45.04 26.69 72 .73

0054 - 40°F. 36.0 32.46 20.33 52.79

-12-



7.0 CONCLUSIONS

7.1 The BA - 5598 ( )/U Battery replacement for the BA - 584 ( )/U Battery was shown to be valid in concept
and capable of satisfactory performance at the cold temperatures.

The initial voltage delay time at the cold temperatures exceeded the time of 0.5 seconds specified , when
the battery was loaded after the 30 day storage period at the 160°F. temperature. It is noteworthy that
the electrolyte conductivity at the - 40°F. temperature is approximate ly 33% of the value at 75°F., which
would contribute to the added delay time. However , the delay time is a function of internal resistance of
the cell , which decreases as current flows. This is evidenced by the fact that the load voltage increases with
time. It is known that as the current drain for a cell is incre ased initially, more time is required to reach
the cut-off voltage of the cell.

As a requirement , the battery was not to be loaded after meeting the initial acceptance tests, therefore
the initial voltage delay time , as recorded at the beginning of discharge , was the first time that current was
drained from the battery.

Duri ng discharge , the cell reactions invo lve the anodic solution of Li to Li+ and the cathodic reduction of
SO2 to form Li2S2°4 (lithium dithionite) which precipitates within the porous carbon cathode. The lithium
dithioni te forms a resistance layer at the carbon cathode as a function of the electrochemistry and reaches
its maximum resistance in approximately 5 days at 70°F. At elevated storage temperatures , it is assumed
that the resistance barrier increases with time.

Another possible explanation for the initial voltage delay phenomena may be attributed to variations of
moisture in the cell , which would form lithium hydroxide on the lithium anode , resulting in high internal
resistance and affects surface area.

.13-



8.0 FINAL CONFIGURATION

8.1 The final design model of the BA - 5598 ( )/U battery was fabricated in accordance with the Technical
Guidelines identified as SCS - 459/ 12 dated 25 July 1975. Due to the information obtained from the data
collected on this battery, it is necessary to make the following recommendations.

8.2 The nominal voltage of each cell has been observed to read 2.98V.±.05V. Therefore it is recommended
to change the specification on page 3 of SCS - 459/ 12 to show the A2 unit maximum voltage to read 15.15
volts. (A2 section consists of 5 cells in series).

The open circuit voltage is a function of the moisture content within the cell and the variations within
the specification limits of 68% to 72% electrolyte SO2 concentrations and the ambient temperature at
the time of testing. The data to establish the range of open circuit voltages was based on a 3 month period
of 100% testing , of all LO - 25S cells fabricated at room temperatures from 70°F. to 800 F.

8.3 The closed circuit voltage of section Al (Al section consists of 1 cell) taken within 30 second s was
observed to read over 2.50 volts but less than 2.60 volts on approximately 50% of the batteries tested.
Therefore , it is recommended to change the specification on page 5 of SCS - 459/ 12 to show the Al unit
minimum permissable closed circuit voltage to read 2.50 volts.

8.4 Due to the flexibility of the battery jacket and the basic cell design configuration , the width of the
battery is slightly less than the minimum specification requirement of 3 9/16 ~t. 1/16 inch. Therefore , it
is recommended that the specification stated on page 1 and 2 to change the width to 3 9/ 16 ±. 1/16 - 3/32
inch.

8.5 The initial voltag e delay requirement on page 3 of SCS - 459/ 12 states that the time required at the
beginning of discharge for the battery to reach a voltage of 10.0 volts after the specified load is applied ,
shall not be more than 0.5 seconds. This requirement implies that this time can be achieved at any tempera-
ture and afte r any storage period as specifi ed . However , the data suggests after 160°F. storage and discharge
at - 20°F. and - 40°F. temperatures , that this time cannot be obtained . Therefore , it is recommended that
this time requirement should app ly to only discharge tests at 75°F. and 1250F. At the - 20°F. discharge
temperature , after 30 days storage at 1600F. , the time required to reach 10.OV was in excess of 5 seconds,
yet capacity was not affected.

-- -‘-
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SCS . 459( 12

NOTES:

1. All di mensions are in i nches.

2. U nless othe rwise specified , all tolerances are +0.005 inch for decimals.

3. Tolerances of length , wid th and heigh t of battery are ~1f 16 inch for fractions .

4 . The min imum depth of socket well shall be ½ inch.

5. The size of the insulating plate is optional.

6. Socket insert contact not required.

7. Pin - circle center.

8. “D” hole for plug positioning.

9. Five holes to fit 1/8 in. pins , 7/16 in. in length.

10 So k t t f i  t 3’32 - ’ 1/32 - - - -C e mus oa 
- 1/16 in all directions from the specified pin circle center location in the

plane of the socket from reference dimension.

11. The printed socket facsimile may be included adjacent to the socket , on the socket side of the battery,
in lieu of terminal markings show n in the top view of Fig. 1. The fa csimile shall be permanent , leg ib le ,
include outline of socket , terminal identification shown in aforementioned top view and meet general
battery marking requirements covered or referenced herein .

12. On all four (4) sides of the battery “LITHIUM BATTERY” shall be pr i nt ed i n ‘/2 inch (approx.) bold
lusterless green lettering (same as jacket color) on a black background extending a distance of 2.0 inches
fro m end of battery.

13. The socket shall be supported and mounted so that the top surfa ce of the socket shall not protrude above
the adjacent outsid e surfa ce of the jacket and shall not be more than 1/16 inch below adjacent outside
surface of the jacket when used initially, during, and after subsequent insertions of the mating plug
during contractual testing.



SCS - 459/ 12

REQUIREMENTS:

Dimensions and Configuration: See Figure

A 1 UNIT A 2 UNIT

Nominal voltage: 3.0 VOLTS 14.4 VOLTS

Maximum voltages:

Open circuit - 15.0 VOLTS
Closed Circuit 3.0 VOLTS*

~Under a load of 6.76 ohms.

Terminals: Five (5) hole socket type with no obstru ction of any holes (See Figure ).

Weight: (maximum): 1.5 pou nds .

Capacity tests: When the battery is tested in accordance with the methods of examination and
tests of this specif ication , the minimum capacity- test requirements shall be as specified below;

Capacity Test Service Requirement
(per SCS 459) in hours

I 50
L 35
H 50
fIT 45
LT 30
T 45
D 45

Initial voltage delay: When the battery is subjected to the capacity tests specified herein , the time required at the
beginning of discharge for the battery to reach a voltage of 10.0 volts after the specified

— load is applied shall not be more than 0.5 seconds.

Drop test: When the battery is tested in accordance with this specification , the socket shall not move
beyond the limits specified herein nor shall the components shift within the jacket , or
preclude the battery from meeting specified “ I  “ capacity test performed at the conclusion
of the jacket integrity test.

-19-
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SCS-459/12

First article inspection:

Visual-mechanical examination
Batte ry voltage
Dimensions and weight
Mechanical shock
Vibration
Altitude
Insulation resistance
Safety feature test
Drop test
Jacket integrity
Capacity tests I, L, H, HT, and LT

Cell lot inspection:

Quality conformance inspection:

Visual-mechanical examination
Battery voltage
Dimensions and weight
Mechanica l shock
Vibration
Altitude
Insulation resistance
Safaty feature test
Drop test
Jacket integrity
Capacity tests HT, LT, T, and D

METHODS OF EXAMINATION AND TESTS:

Capacity tests:
--.---~~~~~ (1) Storage: Details on storage conditions for all capacity tests are specified in basic specification.

(2) Discharge: The A2 unit ( -Al - A2 to +A2 ) shall be discharged through a resistance of 14.2 ohms
for 2 minutes , and then through a resistance of 291.0 ohms for 18 mInutes. This
cycle shall be repeated continuously to a test end voltage of 10.0 volts.

H .20.



SCS-459 / 12

Closed circuit voltage: Closed circuit voltage measurements shall be made wit h a dire ct curr ent voltm eter of
proper rang e and sensitivit y (see basic specification), using load resistances as shown
in the following table:

MINIMUMUNIT RESISTANCE 
PERMISSIBLE VOLTAGE

Al 6.5 ohms , 1~ 2.60 volts

A2 14.2 ohms , + 19’~ 12.5 volts

Vol tage shall be above “MINIMUM PERMISSIBLE VOLTAGE” withi n thirt y (30 )
seconds after load is applied.

Drop test: When perfo rmed during First Article Inspection , five (5) each Group Ill B test samples shall be
subjected to this drop test just prior to performing the jacket integr ity test on them. Whe n
performed during Quality Conformance Inspection , five (5) each subgroup B2 test samples
just prior to being subjected to integrity test shall have this drop test performed upon them.
Each battery shall be dropped once from a height of 30 + 2 inches onto a hard surface con-
sist in g of concrete , wood or steel. The 3 916  inch X 2 1,16 inch side of the batte ry nearest
the socket shall be para lled to this surfa ce upon release , aod shall make contact with it. If any
failure occurs , the contractor shall take immediate action to correct the defect and eliminate
the cause. However , pending this action , quality conformance acceptance shall be withheld.
When t he na ture of the fail ure has been de term i ned , and the necessary corrective action taken ,
the rejected lot and all batterie s in process at the time of the failure shall be reworked to
eliminate the defect. Reworked lots shall be reinspected using a sample size of eight (8)
batter ies with no failures permitted.

CELL LOT INSPECTION:

Cell Lot: - A cell lot is defined as those cells of a particular type which are to be used in the fabrication of a
speci fic- battery lot. Each of the cell lots shall be subjected to the inspection program outlined herein .

2. Closed-circuit Voltage Test. - All the cells in a cell lot shall be pulse tested for five (5) seconds with a 2.5 ohm
resista n ce load , A ny cell whose voltage fal ls below 2 volts during the 5 second pulse peri ,~i shall be rejected
for use in battery fabrication or further  cell lot te sting.

3. 1600F. Storage Test. - From a cell lot that has been tested for closed-circuit volt age select thirt y (30) ceo.
ei ther in random manner or at preselected intervals , whichever the Government inspector deems more de-
sirable. The thir ty (30 ) cells shall be stored at 1600 

~~~~~~~~ for two (2) weeks and then at -20°±3°F. fo r a
minimum of six (6) hours . Each cell shall be discharged through the equivalent cell load and to the equivalent
cell end vol tage in accordance with the initial capacity test of this specification sheet.

a . If all thirty( 30) cell samples exceed the min imum capacity serv ice req ’iirement b y a factor of at least 10% ,
the lot may be used for f ab rica t ion of a si ng le lot of ba tt er ies .

-2 1-
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SCS - 459/ 12

b. If there are two (2) or more failures during the capacity testing of the thIrty (30) cell samples the cell
lot shall be rejected. If only one (1) failure occurs, another twenty (20) cell samples shall be selected
from the same lot and this same test shall be repeated. If no failures occur duri ng retesting, the lot
shall be considered acceptab le. If one (1) or more cells fail during retesting, the cell lot shall be rejected
and new cell lot of cells shall be submitted for cell lot inspection.

4. Cell Reple n ishment: - In order to replenish the twenty (20) cells consumed by the additional 160°F. storage
testing , twenty-three (23) cells shall be fabricated when necessary. All shall be subjected to closed-circuit
voltage test (2 above). Any cell that fai ls this test shall be replaced by one that has passed. Three (3) cell
samples shall be selected in a random manner from the twenty.three (23) cells that have passed the closed-
circuit voltage test . These three (3) cell samples shall be tested in accordance with the 160°F. storage test
(3 above). No failures are permitted for acceptance of this replenishment lot of twenty (20) cells. If one or
more failures occur , the lot of twenty (20) cells shall be rejected and a new lot of twenty-three (23) cells shall
be fabricated and three (3) shall be tested. This procedure shall be repeated until no failures occur.

PREPARATION FOR DELIVERY:

Preservation and Packaging : Preservation and packaging shall be in accordance with latest issue of basic specification
except that no intermediate packaging shall be required and unit packaging shall be as follows:

A unit package shall consist of one battery individually packaged per method IC-i of MIL-B-116. Battery
shall be placed in a barrier bag fabricated of material conforming to L.P-378, type 1, grade B, finish 1, having a
uniform thickness of 4.0 + 0.5 mils with a heat sealed closure. The bagged battery shall be placed in a close-fitting
paperboard box conforming PPP - B - 636, type CF. W6c or W5c, style optional or MIL-B-43014. Closure shall be
as specified in the appendix to the applicable box specification.

-22-
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APPENDIX A

FABRICATION - QUALIFICATION CURVES OF SECOND TEST ONLY

BATT ’ERY 0034 Discharge Curv e , 125 F.- No Storage- Figure 1

BATTERY 0046 Discharge Curve , 125 F. - No Storage- 2

BATTERY 0090 Discharge Curve , 125F. -No Storage- 3

BATTERY 0128 Discharge Curve , 125F. - No Storage . 4

BATTERY 0040 Discharge Curve , 7SF. - No Storage- 5

BATTERY 0068 Discharge Curve , 7SF. . No Storage- 6

BATTERY 0072 Discharge Curve , 7SF. - No Storage- 7

BATTERY 0085 Discharge Curve , 75F.- No Storage . 8

BATTERY 0075 Discharge Curve , - 20F .- No Storage- 9

BATTERY 0091 Discharge Curve , - 20F. - No Storage- 10

BATTERY 0108 Discharge Curve , - 20F .- No Storage- 11

BATTERY 0124 Discharge Curve , - 20F .- No Storage- 12

BATTERY 0054 Discharge Curve , - 40F. - No Storage. 13

BATTERY 0063 Discharge Curve , - 40 F. - No Storage . 14

BATTERY 0114 Discharge Curve , - 40F. - No Storage- 15

BATTERY 0140 Discharge Curve , - 40F.- No Storage- 16

BATTERY 0047 Discharge Curve , 125F. - 30 Day Storage- 17

BATTERY 0059 Discharge Curve , 125F. - 30 Day Storage- 18

BATTERY 0079 Discharge Curve , 12SF.. 30 Day Storage- 19

BATTERY 0120 Discharge Curve , 125F. - 30 Day Storage- 20

BATTERY 0039 Discharge Curve , 7SF. - 30 Day Storage. 21

BATTERY 0058 Discharge Curve , 75F.- 30 Day Storage- 22

BATTERY 0066 Discharge Curve , 7SF. - 30 Day Storage- 23

BATTERY 0121 Discharge Curv e , 75F. - 30 Day Storage - 24

BATTERY 0074 Discharge Curve , - 20F.. 30 Day Storage- 25

BATTERY 0086 Discharge Curve , - 20F. - 30 Day Storage- 26

BATTERY 0111 Discharge Curve , - 20F. - 30 Day Storage- 27

BATTERY 0126 Discharg e Curve , - 20F.- 30 Day Storage- 28

BATTERY 0051 Discharge Curve , - 40F.- 30 Day Storage- 29

BATTERY 0071 Discharge Curve , - 40F. - 30 Day Storage- 30

BATTERY 0080 Discharge Curve , - 40F.- 30 Day Storage. 31

BATTERY 0117 Discharge Curve , - 40F. - 30 Day Storage- 32

-2 3-
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